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Fig , 8 . A.ntenna tower at base station. 
monitored by a speaker and quantified by a digital counter. Calibration 
curves are used to convert radio frequencies to dimensional parameter 
values. The base station also has a signal generator to produce the 
different tones necessary to call the two stations, 
A pictorial representation of the base station and one remote 
site is shown in Fig, 9., 
Originally, it was intended to store the data in a punched paper 
tape system at the Utah Water Research Laboratory; however, this 
storage system is unavailable to date and so the data was handled 
manually., 
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DETA.ILED TECHNICA.L DESCRIPTION 
Field System Components 
Sensors and analyzers 
Commercially available water quality sensing equipment was 
purchased for the field systems. Two analyzers for each parameter 
were purchased; and, where possible, different manufacturers were 
selected so that different system designs could be evaluated. The 
availability of battery operated instrumentation suitable for field 
service is limited and of recent development. Refinement of some of 
the systems will undoubtedly occur as problem areas are detected in 
actual operating situations. 
Two dissolved oxygen analyzer-sensor systems were obtained; 
the Electronic Instruments Limited (ElL) Model I SA. System and the 
Weston and Stack Model 3000 Analyzer and Model 40 Probe with a 
Model A.-2S Sampler. Both systems operate on the polarographic 
cell- selective membrane principle, i. e., the oxygen dissolved in 
the water diffuses through the semi-permeable mernbrane where it is 
reduced at the cathode to give a voltage proportional to the concentration 
(partial pressure) of oxygen in the water. The voltage generated is 
temperature dependent so it is necessary to provide for compensation. 
Both systems are equipped with a thermistor and associated circuitry 
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for automatic temperature compensation and independent measurement 
of temperature. 
The ElL unit uses a concentric cylinder design. The inner lead 
anode is enclosed in a porous polyvinylchloride (PVC) shield that 
insulates the anode from the hollow surrounding silver cathode. The 
porous PVC insulator also allows the potassium bicarbonate electrolyte 
to form a conducting path between the electrodes. The entire assembly 
is covered by a polythene membrane which is permeable to oxygen 
but not to interfering ions. The Model 15A. unit indicates percent 
saturation where 100 percent represents the partial pressure of oxygen 
in water saturated with air at 760 mm pressure. A. temperature scale 
is provided on the instrument meter. Separate external recorder 
(telemetry) outputs are provided for both oxygen and temperature and 
these can be used simultaneously. 
This dissolved oxygen meter has proven reliable and consistent 
in measuring both oxygen and temperature. It has only been neces sary 
to change batteries twice during an operating period of eight months, 
During the saITle period, the probe has been renewed twice. The 
renewal process consists of replacing the consumable lead anode and 
replacing the membrane. Very little drift in the probe calibration 
has been experienced between weekly maintenance periods except as 
the probe approached the need for renewal. Cleaning of the probe 
during the weekly maintenance has appeared to be suffic ient. No fouling 
has occurred between maintenance vis its. 
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The measurement of pH was accomplished by using an Electronic 
Instruments Limited Model 90A. and an A.nalytical Instruments Model 3 O. 
Both systems use permeable glass membrane probes with self~contained 
reference electrodes. 
Temperature compensation in the Model 90A. is not automatic 
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but is rnanually adjusted for different liquid temperature ranges. Accuracy 
of measurement is stated as ± 0.1 pH for ± 100 C over the range of 
4 - 10 pH. The ElL Model 90A. unit has a rather large and cumbersoITle 
probe assembly for field service in rivers. This unit was a continuous 
source of difficulty for telemetry application. It was very sensitive to 
radio frequency pickup during the transmission cycle because it had an 
indirect ground reference. In a partially successful attempt to resolve 
the difficulty, a differential amplifier was used on the output to provide 
a balanced load. Finally a different probe (of another manufacturer) was 
used with the ElL analyzer, but many of the same problems still occurred. 
The A.nalytical Instruments Model 30 has automatic temperature 
compensation. The unit includes a small recorder with a 5 to 10 pH 
range besides external signal provision. This probe will operate without 
servicing for a month" 
Only one type of conductivity meter was used, the Beckman RQ- 2. 
The Model RQ= 2 unit includes automatic tem.perature compensation to 
adjust all readings to the common standard temperature of 25 0 C. The 
system has a built- in chari recorder and no provision for external data 
pick off. The recording pen is mechanically positioned by a balancing 
servo-mechanism. In order to telemeter, a potentiometer was installed 
which could be driven by the recording pen positioning mechanisITl. 
Two recurring difficulties were encountered with the conductivity 
meter. Batteries were consumed by the system at a much faster rate 
than the battery usage rates of any of the other systems, and the probe 
required frequent replatinization to operate properly. The first problem 
appeared to be a result of excessive cycling of the self- balancing 
mechanism which reduced battery life. Ways to eliminate or live with 
the second problem have not been fully studied, but experimentation is 
continuing. A.nother unusual difficulty experienced was sticking of the 
contacts on the micropositioning relay. Three of these units were found 
to be defective before one was found that worked satisfactorily. 
Data handling circuits 
The various sensors and analyzers previously described produce 
a variety of output voltages and currents with different source impedances. 
The voltage controlled oscillator (VeO) which converts these inputs into 
corresponding audio frequencies has a range of a - 10 volts, but due to 
the limitations of the associated radio frequency equipment, only the 
0-5 volt section of range is utilized. The response rate of the veo 
is such that it will change frequency from 0 to 5 KH in less than 
z 
200 microseconds. Since all of the parameters being measured vary 
at very low rates, the veo response rate is more than adequate. The 
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Fig. 10. Block diagram of field site electronics. 
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Operational amplifier Al is connected as a non- inverting 
amplifier with a gain of 20, This gain is deterITlined by the ratio of the 
2 rnegohm feedback resistor and the 1 OOK ohm resistance to ground 
and is independent of amplifier characteristics over a wide range of 
voltage and open loop gain conditions~ The output of AJ is fed directly 
as input to the voltage controlled osc illator which converts voltage 
levels into corresponding frequenc ies, For this particular veo the 
conversion is linear and starts froITl zero cycles at zero volts and 
would go to 10 KH at 10 volts although no input is allowed to exceed 5 
z 
volts and the usual ope rating levels are about 2 - 3 volts, 
The first four positions of K3 are stepped through without pause. 
These are positions for potential expansion of the system to accept four 
more sensor inputs, on step 5 voltage is applied to the coil of relay 
Y-6 thereby actuating it and closing contacts Y-6 in the voltage monitoring 
circuit. 
The voltage divider in the monitoring circuit reduces the +15 V 
to ,22 volts which is then amplified to 4.4 volts through the operational 
arnplifier" This I1divide down and arnplify" procedure is used to give 
an overall check of the operational arnplifier and the +15 voltage supply 
as well as the veo and the rf transrnis sian s ystern_ 
The next step of K3 opens Y-6 and closes Y~5. This connection is 
set up for turbidity measurement although the turbidity pararneter was 
not monitored at this station, 
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The next step of K3 closes Y -4 and feeds conductivity data to the 
veo. The conductivity information is taken from the wiper of an 
auxiliary potentiometer mounted in the conductivity meter, The potenti-
ometer is driven by the same mechanical motion that drives the pen as 
it moves across the chart of the RQ- 2 conductivity meter, Reference 
voltage for this potentiometer is obtained from the Zener regulated 
reference source through pin J of connector Jl. 
Following conductivity, the step switch energizes Y-3 to initiate 
a pH data sample" The output of the pH meter is differentially connected 
into the additional operational amplifier A.2 because the pH probe is a 
high impedance device and has a floating output not referenced to ground. 
This floating output makes pH the most complicated parameter to telemeter 
under the present conditions. The high impedance makes the probe subject 
to pick up of extraneous signals and noise A redes ign of the pH electron ic 
circuit should solve these difficulties 
The next step of K3 energizes Y - 2 and closes the temperature input 
circuit, The temperature is measured by the Electro Instruments Ltd, 
dissolved oxygen system which provides temperature output. 
The circuit is so designed that it will drive 1 rna, into 400 ohms 
° at 30 e (full- scale meter reading), Only part of this. 4 volt output is 
needed for telemetry so a 270 ohm load is used which gives .,27 volts at 
30° e, When passed through the X20 operational amplifier this becomes 
o 5.4 volts to be fed to the veo at full scale or 30 e. The water temperature 
is usually below 20° e so the largest voltage is about 3,6 volts, 
The next K3 step energizes Y-l and feeds the dissolved oxygen 
data into the telemetering system" Like the tell1perature measurement y 
the D.,O, output at full scale is 1 rna, into 400 ohms. Since this much 
voltage is not required, a 270 ohm load is used and produces 5.4 volts 
at full- scale outpuL 
The last step of K3 energize s Y -10 whose contacts then short 
the base of Ql to ground thereby cutting off the current through Q1 
and de-energizing Kl. A.s Kl returns to its de-energized position, 
it switches the rf system from transmit to receive (contacts Kl B) 
and simultaneously switches the antenna connection from the transmitter 
to the receiver (contacts KIA.), 
This completes the data transmission cycle and restores the 
system to standby operation ready to receive the next interrogation 
tones. 
Timing section A schematic diagram of this section is shown 
in Fig, 13 In order to describe the operation of the timing section~ 
one complete data gathering cycle will be described in detail. The 
sequence is initiated by two audio tones transmitted from the base 
station. These two tones (522 Hz and 475 Hz for the Wellsville station 
and 522 Hz and 450 Hz for the Paradise station) are fed in series from 
the rece iver to the Bramco resonant reed relay, The high frequenc y 
tone is tran smitted fir st followed immed iately by the low tone, 
The high frequency reed contact is connected to the base circuit 
of Q4 through a 100 K resistor. A.s this reed vibrates 1 it touches 
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Fig. 13. Schematic diagram of timing section. 
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the contact and feeds -15 volts onto the base of 04 thereby switching 
it to a conducting state and simultaneously charging the, 1 !-lfd capacitor 
so that the transistor will be held in the conducting state for about 
2 to 5 seconds. During this period the tone is changed to 475 (or 450) 
as required and the reed vibrating connects -15 volts to the base of 
05 and thus causes it to switch to a conducting state, With 04 and 
05 both conducting, the gate of 03 is grounded and causes 03 (a silicon 
controlled rectifier) to fire and assume a conducting state. The firing 
of 03 applies -15 volts to relays K4~ K3, and Kl.. Relay K4 is controlled 
by 02 and its associated RC network such that it is activated about 1/2 
second after 03 fires This relay when activated opens the -15 V line 
which then allows 03 to reset itself. With 03 reset, even though contacts 
K4A. clo se when K4 is deactivated, the -15 volt 1 ine has no voltage on it 
on the anode s ide of 03. Before K4A contacts open the -15 volts through 
03, contacts K4A, a diode and a 10K re s istor cause 01 to conduct and 
close Kl" Kl is latched up by contacts Kl B clos ing and feed ing -15 V 
through a voltage divider onto the base of 01, Voltage at the Kl B contact 
is removed from the normally closed contact and thus releases the timer 
diode so that the timing circuit connected to 06 begins charging through 
07 which was made conducting when the -15 volts was applied by Kl B 
contact through the 39 K resistor to its base, 
When 06 (a unijunction transistor) fires.; a positive pulse is 
fed through a " 1 !-lfd capacitor onto the skip line where it fires 03 
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to start the tiITling sequence over and step K3 on to saITlple the next 
paraITleter, This proc es s cont inue s unt il finally K3 steps to the contact 
which closes Y -10, When Y ~ lOis activated its contacts short the base 
of Q1 to ground and thus deactivate KI which restores the systelll to 
a standby condition ready for the next interrogation tones, 
The IVskip line" terITlinal is brought out through a 2. 2K resistor 
so that the system c an be turne d on at the site, Ground ing the s kip 
line causes the gate voltage to ITlove in a positive direction froITl -15 V 
and thus turns on the SCR and initiates a cycle as described above., 
Each tiITle the skip line is grounded K3 steps once so that the sequence 
can be advanced to any desired paraITleter without waiting for Q6 to tiITle 
out on each step" No provision has been ITlade to lock the output on a 
given paraITleter since that is seldom desirable. 
Rf section" The components contained in the rf section are shown 
In Fig. 14. The relay, KI: is mounted in this section to permit the use 
of short connecting wires into KIA. contacts since they switch the 
antenna frolll receive to transmit. The entire rf systelll is housed in 
a separate box with feed through capacitors for all leads so that an 
effective rf shield is maintained. The receiver and transmitter units 
from a 2 watt hand-held Motorola HT-2 Handie Talkie set are used for 
reception and transmission in the telemetry system. They are both 
crystal controlled and operate on a frequenc y of 1 70" 3 25 MH z, 
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Base station system 
The data gathering system used at the base station consists 
of a Motorola Consolette (25 watts transmitter power), a five element 
yagi antenna (with approximately 8 db gain), an H-P signal generator, 
an H-P counter~ and a locally constructed remote monitoring and control 
system. Facilities are available at the Utah Water Research Laboratory 
to automatically initiate a read out and count and pr int the data. However, 
these facilities were not used for this project because of the small amount 
of data taken and the ease with which it could be recorded and analyzed 
manually. Some punched paper tape data recording equipment has been 
acquired by the laboratory, but it has not yet been placed in service. 
The five element yagi antenna, although quite directional, was used in 
this particular case because the two monitored sites were roughly on a 
radial line from the Utah Water Research Laboratory. In a general 
application, it would be desirable to use an omni-directional antenna. 
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The two interrogating tones are generated in series by tuning the signal 
generator. These are monitored by the counter so that the exact frequency 
is transmitted in each case. The returning data signal is fed from the 
receiver to the monitor where it can be heard as well as counted. The 
frequency count for each parameter is written on a data sheet for later 
conversion to a particular value of physical variable being measured. 
This convers ion could be accomplished automatically by the use 
of a small computer, 
SYSTEM EVALUA.TION 
To evaluate the accuracy of the water quality analyzers and the 
telemetry of data, an on- site surveillance test was conducted. Operators 
were stationed at the two telemetry stations and at the base station for 
three successive days from 8 a. m. to lOp. mc The operators at the 
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two field stations recorded the parameter value indicated by each analyzer 
and conducted independent measurement of parameter values every half 
hour. Independent water temperature was measured by a glass-mercury 
thermometer and independent dissolved oxygen was determined on- site 
by a wet chemistry test (Winkler dissolved oxygen test). Water sam.ples 
were collected every hour and brought to the laboratory to check 
conductivity and pH, The field operators initiated a telemetry transm.ission 
every half hour. The base station operator recorded the telemetered data 
and evaluated each parameter value from its calibration curve. 
A. com.parison of on- site and telemetered data was made at the 
COTIclus ion of the tests Q The independently measured values of the 
pararneters were taken as the standards. The analyzer readings and 
telem.etry values were subtracted from. the standard to give deviations. 
The average of the deviations was used as a measure of accuracy 
obtained during a days test. The results are shown in Table 1. Also 
included in the table are the largest deviations from. the standard 
observed. 
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Table 1. On~ site surveillance results. 
Parameter 
Average Exper imental Extreme 
Deviation A.ccuracy Deviation 
Temperature 0.5 0 C ± 0.60 C 1.50 C 
Dissolved Oxygen 0.2 mg/l ± O. 15 mg II 0.6 mg/l 
Conductivity 1 5 ~mhos I cm ± 10 j-lmho s I cm 22jJ.mhos/cm 
pH 0.18 ± 0.15 0.45 
To obtain a position of comparison for evaluation, the experimental 
accuracy for each of the measuring techniques is indicated. For example, 
it was not possible to read the glass thermometer any closer than 
± 0.5 0 C, while the telemetered temperature could be read to within 
± 0,1 0 C. Consequently, the deviation of telemetered temperature from 
the standard was accurate to within ± 0.6 0 C. It is significant to note 
that the average deviation observed was only 0.50 C. 
The dissolved oxygen, temperature, and pH all exhibit diurnal 
cycles. Graphical representation of typical results for these three 
parameters are shown in Figs. 15, 16, and 17. The three means of 
rneasurement; telemetry, field instrument, and independent field 
analysis, are shown in each figure. The conductivity of the water was 
es sentially constant throughout the tests and deviations were due to 
randomnes s, 
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COSTS 
For a development project, the costs always exceed the unit 
cost for a production unit so that direct cost comparisons are misleading. 
The cost figures shown herein are given only to represent the order of 
magnitude of costs for given items and complete systems produced in 
quantity should cost considerably less, In addition the continuation of 
this project into the coming year has as one of its major goals the 
integration of much of the duplicated circuitry into one common unit 
which will produce further price reductions. 
Equipment installed at Wellsville monitoring site: 
Antenna and mast 
pH meter 
Telemetry system 
Voltage controlled osc illator 
D. O. and temperature 
Conductivity 
Interface circuitry and fabrication 
Shelter (includes construction 
and in stallat ion) 
Batteries and other expendables 
$ 50.00 
900. 00 
1,250.00 
275. 00 
890.00 
1,000.00 
400000 
250.00 
200.00 
$5,215.00 
The above prices are for equipment only except in the case of 
the shelter and the interface circuitry fabrication. 
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Equipment installed at the Paradise monitoring station: 
Antenna and mast 
Telemetry s ystern 
Voltage controlled 0 s c illator 
pH meter 
Conductivity meter 
D.O. and temperature 
$ 75.00 
1,250.00 
275.00 
590.00 
1,000.00 
(this is a Weston-
l, 760.00 Stack unit with 
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motorized cleaning 
of the membrane) 
Interface circuitry and fabrication 
Shelter (construction and 
installation) 
Voltage converter (for D.O. ) 
Batteries and other expendables 
400, 00 
250.00 
40. 00 
$5,840,00 
The extra cost of the equipment at Paradise is not warranted by 
the experience to date. The difference is principally in the Dissolved 
Oxygen Meter and the self-cleaning feature does not appear to be 
necessary since the other D.O, meter operated satisfactorily with 
periodic servicing. 
Equipment at the base station: 
A.ntenna and 65
' 
mast 
Consolette transmitter- receiver 
Counter 
Signal generator 
Mon itor and miscellaneous 
small parts 
$ 100.00 
500. 00 
575.00 
275. 00 
50. 00 
$1,500.00 
One effort of the one-year continuation grant will be to eliITlinate 
the aforeITlentioned probleITls and evaluate various sensor designs for 
cOITlpatibility with the teleITletry systeITl and ITlaintainability for long 
periods of unattended operation. In addition to sensor evaluation, the 
continuation grant will develop a siITlplified systeITl in which the 
electronic conditioning circuitry for the various sensors will be 
integrated into a single unit. This will facilitate use of a single 
battery s ysteITl and lower equipITlent and battery cost, 
The systeITl developITlent described in this report is only the 
first step in the establishITlent of an effective data gathering network o 
The logical end use of this type of systeITl will be its application to 
ITlonitoring of total river basin systeITls for ITlanageITlent and/or 
control purposes. For a river basin, several field stations will be 
required and frequent saITlpling will be necessary. In such a ITlulti-
station application, SOITle kind of autoITlatic central data acquisition 
s ysteITl will be required to handle the ITlultitude of data obtained and 
reduce it to usable forITl in a reasonable period of tiITle. 
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